The combination of PD motor signs leads to phonoarticulatory changes that result in voice, articulation, and swallowing disorders. It is estimated that 70% of individuals with PD have voice disorders characterized by: decreasing in the intensity of voice, monotone, imprecise articulation, changes in the speech speed, change of pitch, qualitative changes such as tremors, hoarseness, and breathiness. This group of amendments is called hypokinetic dysarthria 3, 5, 8, 9 . The vocal disorders in PD commonly affect the standard communication, making diagnosis important for treatment and health promotion of individuals with PD.
PD negatively affects the individual's quality of life, since it is characterized by a set of motor abnormalities that may be accompanied by cognitive changes, memory deficits, freezing, and slow physiological responses, decreased in voice volume and other complications in both speech and swallowing, which directly interfere with the individual's level of disability 4 . As soon as the communication is understood as a human need, it is possible to conclude that changes that limit this process affect the individual's quality of life in a negative way.
Although several studies have analyzed the impact of PD on individual's quality of life, few studies have evaluated the quality of life related to the voice.
A multidimensional analysis of the PD patient's voice, involving aspects of perceptual and acoustic analysis of voice, beyond the vocal self-perception of the patient, can improve the ability of the speech and language therapist in describing voice quality in PD as well as can aid the diagnosis of laryngeal changes in PD 10 . This research aimed at analyzing the voice quality and vocal self-perception of bearers of idiopathic PD that were male, compared with those without the disease (Control Group).
METHODS
This was a cross-sectional study, in which voices from bearers of idiopathic PD and those without it were analysed by means of a vocal quality of life assessment 11 . The Movement Disorders Clinic at the Hospital das Clínicas has 450 registered patients diagnosed with idiopathic PD. According to sample calculation with an estimation error of 10 and 95% of significance level, a sample of 27 individuals with PD was obtained. The inclusion criteria for for the PD group were: male individuals with PD diagnosis according to the United Kingdom PD Society Brain Bank Clinical Diagnostic Criteria and individuals at stages 1 to 3 of the Hoehn-Yahr scale of disability 12 . The exclusion criteria were: to have a history of vocal and laryngeal disorders; to be diagnosed with other associated neurological disease; to not understand the tasks required to assess vocal speech and present inability to respond to the Voice-Related Quality of Life (V-RQOL) protocol 13 .
The inclusion criteria for the Control Group were: male individuals without the disease and age matched with the group of individuals with PD. The exclusion criteria for the Control Group were: to be diagnosed with neurological disease and/or history of voice and laryngeal disorders; to not understand the tasks required and to present inability to respond to the V-RQOL protocol.
The group of individuals with PD was composed of 27 male individuals, with ages ranging from 39 to 79 years-old and a 59.96 average of age, who attended the service for neurological consultation. All participants were using one or more medications for PD, such as Sifrol, Amantadine, Levodopa, Entacapone, Sinemet, Biperiden, Bromocriptine, Artane, and Niar. The Control Group consisted of 27 male individuals, with ages ranging from 42 to 82 years-old and 59.48 average of age, who fit the inclusion and exclusion criteria of the study, being caregivers of patients.
The patients underwent a voice and speech recording by: sustained vowel /a/, counting 1 to 20, and days of week. To perform the data analysis and recording, a Dell ® computer, Optiplex GX260 model, with Direct Sound ® professional sound board was used, which is available in the Speech and Language Therapy Clinic of Hospital das Clínicas. The recording was performed in a soundproof booth, and the individuals were standing, using a headset microphone AKG 170 ® (Austria). Voice capture was performed using the CSL, Kay Elemetrics ® , MDVP module and the Audacity program, version 1.3 Beta.
After recording the sound wave, the following parameters were selected for acoustic analysis: fundamental frequency in Hertz, jitter in percentage, shimmer in percentage, and harmonic-to-noise ratio (NHR) in dB.
The GRBAS, which considers G as the overall degree of dysphonia, R as roughness, B as breathiness, A as asthenia, and S as strain, parameters were used for perceptual evaluation, proposed by the Japanese Society of Logopedics and Phoniatrics 14 , which considers G as the overall degree of dysphonia, R as roughness, B as breathiness, A as asthenia, and S as strain. It was also analysed the instability parameter as I, which was later introduced 15 . On this scale, the appraiser must indicate in the changed parameters which are the degrees of deviation on a numerical scale ranging from 0 to 3. It was considered 0 as no change, 1 as mild change, 2 as moderate change, and 3 as an amendment intense.
The sustained vowels were presented to the evaluators separately from the connected speech, who did not have prior knowledge if the voice belonged to PD Group or to the Control one. Thus, voices presentation was random.
Four speech and language therapists were selected to perform the perceptual evaluation. In order to determine the intra-rater reliability, 20% of the voices were repeated randomly, totalizing 65 emissions of sustained vowels and 65 of connected speech.
Professionals who had intra-rater reliability over 70%, as measured by Spearman's correlation, had their responses accounted. Four evaluators were selected for the sustained vowel and two others for connected speech.
It was applied the V-RQOL to analyze the quality of life, which is a vocal self-evaluation protocol that analyses aspects from quality of life related to voice. It is composed of ten items, being six of physical domain and four of socioemotional domain. The protocol provides a total score (ranging from 0 to 100, in which 0 indicates worse quality of life and 100 better quality of life) and a score for each domain. The participants answered a Brazilian validated version of V-RQOL 13 , which was read by the participants with one of the researchers together.
The statistical analysis was performed by means of the Wilcoxon's test, and p-values were less than 0.05.
All patients were duly informed about their participation in the research, and allowed the use of their voices after the informed consent had been signed. This research was approved by the Research Ethics Committee, on the report number ETIC 676/07. Table 1 shows the comparison of acoustic measurements between the groups of individuals with and without the disease. The measures of fundamental frequency and jitter are higher in the group with PD. The values of NHR were higher in the Control Group. Tables 2 and 3 indicate the parameters distribution of the perceptual evaluation (GRBASI) for the tasks of speech and sustained vowel, respectively. Table 4 indicates the comparison of the V-RQOL values between the group of individuals with PD and the Control one, showing a greater negative impact on quality of life in all domains of the questionnaire, in the group with PD.
RESULTS

DISCUSSION
PD has been studied since the beginning of 19 th century and much has been discovered about the clinical symptoms of the disease, as well as treatments to be applied. With regards to speech and language therapy, the disease can lead to vocal and orofacial disorders with an impact on swallowing. It is estimated that 70% of individuals with PD have vocal disorders, such as decreasing in the intensity of voice, monotone, imprecise articulation, changes in the speech speed, change of pitch, qualitative changes such as tremors, hoarseness, and breathiness 8, 9 . This research has analysed acoustically the voice of 27 males with PD and 27 without it, and it was found that measures of fundamental frequency (F0) and jitter showed a statistical difference between groups with higher values in the PD Group. The higher values of F0 in PD patients treated with dopaminergic drugs, when compared to the Control Group, are similar to those found in the literature [16] [17] [18] [19] , which may be the rigidity result of the laryngeal and respiratory muscles 20 , besides the laryngopharyngeal tract hypomobility 19 . Therefore, stiffness and hypokinesia seem to be responsible for the increase in the F0 in men with PD 19 .
The jitter values were higher in men with PD in several studies 9, 10, [16] [17] [18] [20] [21] [22] , when compared to the controls, corroborating the present study. The jitter increase may be associated with the loss of muscles motor control, which holds the function of the vocal folds, increasing the aperiodicity in the acoustic signal and the values of such measure in the PD Group 10 .
The shimmer values were not different in the groups and this result is similar to that found in the literature 10, 17, 23 . Measures of NHR showed statistical differences between the PD Group and the Control Group in this study, being higher in the latter. These results are consistent with the literature 17, 23 , and this finding may reflect on the aging process of the larynx, which can compromise the quality of the voice, being more evident in males, especially from the sixth decade of life, and may or may not be aggravated by PD 20 . The anatomic and/or physiological features that may be associated with the changes in the NHR measures, in cases of hypokinetic dysarthria, as patients with PD, are still not clear.
In the perceptual evaluation of connected speech (Table 2) , the parameters that showed statistically significance difference between PD patients and controls were G (p=0.009), B (p=0.000), and I (p=0.027). With regards to the perceptual evaluation of sustained vowel (Table 3) , the parameters that showed statistically significance difference between PD patients and controls were B (p=0.026), A (p=0.000), S (p=0.002), and I (p=0.006) and such findings are consistent with the literature 8, 16, 18, 24 . One study found 79.2% of vocal deviation in the group with PD, ranging from mild (29.2%), moderate (45.8%), and intense degrees (4.2%) 16 , showing a prevalence of dysphonia in PD similar to the present study. The authors found that the parameters hoarseness and breathiness were the most altered ones 16 . These findings are similar to the present study, in which the most altered perceptual parameters of connected speech and sustained vowel were breathiness (B) and instability (I). These findings support the hypothesis that the hypokinetic dysarthria, present in PD, by impairing glottic closure 20 , can therefore generate the presence of air that is not sounded, auditorily perceived as breathiness.
Regarding the presence of instability, a research that correlated the perceptual evaluation with the contractile pattern of the intrinsic muscles of the larynx in PD, by means of electromyography, found that the vocal tremor auditory rated did not correlate with the electromyography findings 24 . This suggests that the vocal instability, perceived in the perceptual evaluation, does not have a direct correlation with the standard laryngeal.
The perceptual evaluation parameter of asthenia, observed in PD, has been associated with two distinct mechanisms, which, however, are coincident in their clinical expression: respiratory support and limitation of adduction of the vocal folds 19 . The presence of weakness also appears in other studies 8 , while the strain parameter found in this research can be the result of a patient's compensation mechanism facing the frame stiffness, present in PD. Table 3 . Distribution of the parameters of the perceptual evaluation (GRBASI) in the sustained vowel task. If you consider that speech is the mirror of our personality, unique in its vibrations, tones and musicality, it is easy to understand how these changes interfere in patient's daily activities and in their social lives 3 . Several studies [25] [26] [27] have evaluated the quality of life in patients with PD, using different types of protocols, but there are few ones that assess the quality of life related do voice.
A research that evaluated the relationship between depressive symptoms and quality of life in individuals with PD found that the worst scores on the Beck Depression Inventory, the worse is the perception of quality of life 28 . The present study evaluated the impact of vocal disorders in the quality of life through the Voice-Related Quality of Life protocol, and found a worse perception of quality of life related to voice, in all domains, in the PD Group.
It was found in a literature review 25 that the physical and motor aspects present in PD have negative impact on quality of life, since rigidity, bradykinesia and tremor cause physical limitations at an early stage of the disease.
Another study observed how changes in communication impact the lives of individuals with PD from the application of protocols, such as the Unified PD Rating Scale (UPDRS), speech tests, GRBASI scale, and PDQ-39, which is a protocol that assess the dimensions of mobility, activities of daily living (ADLs), emotional well-being, stigma, social support, cognition, communication, and bodily discomfort. The authors of such study found that the physical aspects of PD are the ones that cause the greatest negative impact on quality of life, which, although patients perceive the voice disorders, is only affected by changes in communication.
Another research 28 that applied the same protocol, the PDQ-39, found no relationship between worsening in the communication aspect and poor quality of life.
The vocal assessment performed revealed that individuals with PD have vocal disorders, as evaluated by perceptual and acoustic analyses, resulting from the disease. These disorders negatively impact the quality of life, when compared to the Control Group.
In conclusion, individuals with idiopathic PD show an altered voice quality and a negative impact on quality of life.
In the perceptual evaluation, it was observed the overall degree of dysphonia (G) ranging from mild to severe and the changed parameters were, respectively, roughness, breathiness, instability, tension, and asthenia. In the acoustic analysis, F0 and jitter were increased.
The global, physical and socioemotional domains of quality of life related do voice are increased, which represents a negative impact on quality of life.
These results demonstrate the need of speech and language therapy in order to encourage improvements in the voice and in the quality of life of individuals.
